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ABSTRACT

Changes and additions were made to the two-site Active Swept
Frequency Interferometer Radar (ASFIR) to provide three-site
capability. Addition of the second base line (3rd Site) required
a new angle tracker, ¢timing and logic modifications, new mrie
selection logic and revised data formatting. Distribution and
generation of new RF signals were also required. New capability
designed into the modification program included extended unambiguous
range tracking to 3600 nmi, reduction of system timing jitter,
frequency multiplexing of the range rate and angle rate signal
processing, and target simulation. The total modification kit
included six new racks of equipment plus considerable changes to
the existing 14 racks of equipment, including relocatiom for
optimum packaging. Verification of the changes, using the target
similator (which proved to be an effective tool for system test,
alignment and evaluation) and by tracking Echo II, showed a
considerable improvement in track loop performance and a 3:1
reduction in system timing jitter. Data formatting and logic
compatibility were shown by producing a test data tape for data
reduction. Detailed recommendations include noise reduction
techniques, short term phase stability improvements, improved
modulaticn methods, and system changes to eliminate system timing
Jitter and to provide AGC.
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EVALUATION '

The modifications described in this
report are a part of the changes incorporated
in the ASFIR system to provide for a two base-
line operation.

Incorporated in these changes are improve-
ments that give better and more flexible opera-
tion of the ASFIR system.

ASFIR is an Air Force Program to obtain
high angular accuracies on orbital bodies con-
ducted under project 6512.

bt F Pt

Project Engineer
EMASE .
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BECTION I

INTRODUCTION

The contract on the ASFIR Third Site Wide Band Exciter/Data Teke Off
(WBE/DTO) Modification was awarded to RCA in July 1965. The effort to be
accomplished included the revision of existing equipments supplied previously
by RCA to RADC under contracts AF 30(602)-280% and AF 30(602)-3125.%

The modifications accomplished on this contract were necessitated by
the addition of a second base line to the existing ASFIR system. Included
in the contract were the changes of lcgic, timing and hardware implementation
necessary to be compatible with the additional slave site. In additiom,
significant system capabilities were added, including increased unambiguous
range capability, reduction of system jitter, doppler fine line correction
and target simulation equipment.

The basic concept of the WBE and its relationship with ASFIR is
described in RADC Technical Report TDR-63-114 and supplerented in RADC-TDR-
63-353 and RADC TR-65-18. These reports offer a rather comprehensive treat-
ment of the concept, development and final configuration of the WBE/DTO
complex. These fundamentals were not altered but were merely expanded by

the subject contract.

¥Effort on these contracts ended in July 196k.
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SECTION II
ORIGINAL SYSTEM CONFIGURATION

Before proceeding with the discussion of the modification and additions
to the existing equipment, a brief description of the original wideband
exciter - data take off (WBE/DTO) equipment will be given. For more design
detail the reports mentioned in Section I should be consulted.

The main feature of the original WBE was the technique emplioyed to
generate the linear frequency ramp (FR) for transmission and the delayed
replica for correlation (DCFR). The technique was the same for FR and DCFR
except that the DCFR was compensated for target doppler. The linear wave-
form was developed by generating a staircase frequency waveform by means of
a digital oscillator (DO), and the staircase is filled in with a linear saw-
tooth frequency waveform. The DO generates frequency jumps of F, 2F, LF
... 64F, while the £ill-in ramp frequency deviation is only F. The nF
signals are derived by digital division of the system master clock frequency
and imposed upon convenient carriers for mixing and frequency translation.
The derived waveform with duration of 2400 pe (4.8 MHz) is then converted to
3.0 GHz for transmission. Five transmission waveforms are available: pulsed,
CW, 4.8 MHz (increasing or decreasing frequency) and 48 MHz (increasing or
decreasing frequency). The 48 MHz bandwidth is obtained by multiplying the
4.8 MEz ramp by 10. The DCFR 1s generated at the appropriate point in range
to supply the cross correlation reference for pulse decoding. After cross
correlation, the resultant narrow-bandwidth signal is spectrum analyzed by
coherent memory filters. These integrators supply time analogs of frequency
which are tracked by the WBE/DTO servo loops. For single pulse coherent
memory filter (SFCMF) operation, split gate (EG/IG) discrimination is used.

The targets are tracked in range, range rate, angle and angle rate. Error




signals proportionel to the energy in the EG/LG discriminator are used to
cor'rol the various VCO's used in the range, range rate, angle and angle rate
trackers.

In the multiple pulse coherent memory filter (MPCMF) mode of operatiom,
the fine line spectrum is analyzed by a center-of-gravity tapped delay line range
technique to derive errors for the range and range rate track loops. The
rate information is obtained by sampling the position of the center fine line
with respect to the system reference center frequency.

The WBE also generates all of the system timing, such as pulse repetition
rates, pulse widths, pre-trigger and range gates. The DTO establishes mods
control and selection, displays, operator controls and all data recording.
Data is recorded on digital tape in IEBM format.

The DTO has the angle and angle rate servo loop including the voltage
controlled oscillators.

The general relationship of the WBE/DTC with the ASFIR system is shown

in Figure 1. The diagram has been coded to indicate changes and new equipment.

o
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SECTION IIZ
SYSTEM CHANGES

Changes in the system are described in the following paragraphs.

1. ANGLE AND ANGLE RATE TRACKER AND VOLTAGE CONTROLLED OSCILIATOR

Addition of the second baseline required one new angle tracker. This
tracking loop is essentially the same as the one in the present equipment for
the first base line. There are two major differences: (1) the 02 and 62
VCO's have a frequency deviation of 2.2 times the 01 and 6.31 VCO's, and (2) a
single pulse integrator is included in the servo loop for single pulse mode

only. Figure 2 shows the general block diagram of this portion.

2. DELAYED COHERENT FREQUENCY RAMP (DCFR) AND CW LOCAL OSCILIATOR

To provide for the decorrelation of the second slave site target echo
return, a receiver local oscillator signal at 3072 MHz was generated. This
signal 1s referred to as the Angle 2 DCFR and has the appropriate modulation,
either CW or FM (.1 or full deviation) to decode the carrier and provide a
CW IF pulse at 72 MHz.

In addition, several existing CW signals were needed for new functioms.
In every case the distribution was made by feeding the existing signal into

an amplifier capable of driving up to five loads with an interchannel isola- ‘

tion of better than 40 dB. 7This was done to minimize any interaction between
new and existing equipment. Figure 3 shows the block diagram of this imple-

mentation.

3. VARIABLE PHASE SHIFTER
’ Alignment of the digital oscillator (DO) had been done by changing

lengths of cable at 21 points within the DO and observing the effects upon
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the correlated spectrum using the Single Pulse Coherent Memory Filter
(SECMF) .

For the modification kit, wide band phase shift modules were used to
replace these cables. FPhase adjustment is now accomplished by tuning the
capacitance of an R/C phase shifter. The shielded Plug-in module not valy
provides phase adjustment but provisions huve been added for amplitude con-

trol as well.

L. CONTROL CONSOLE

The control console was modified to permit selection of the two new
modes (02 and 62) for acquisition, display, joy stick, meter control, and
px_‘inter readout.

The switches to permit the alternative transmission of 0.1 deviation
and full deviation frequency ramps, and doppler fine line correction were
added.

The zone and PRF in use is shown by a lamp display with automatic and

manual selection of zone and PRF available.

5. TIMING AND DATA FORMATTING
The timing and data formatting were modified and 22 new digital signals
generated. The IBM fcrn;at was modified for optimum packing of the new data

words. Additional data storage for the 02 and 02 data was also provided.

6. FREQUENZY COUNTER
In the present system a single counter was shared for the counting of

the R and ©, VCO frequency. The modificaticn provides for two new counters

1
to alleviate the necessity of lhnring. These. new counters are used for 01

and 02 with the old counter being used for R.
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SECTION IV
SYSTEM ADDITIONS

In addition to the above mentioned changes a significant part of the
: contract was devoted to the design of techniques to provide considerably
improved performance and capability. These increases in capability are

discussed in the following paragraphs.

1. UNAMBIGUCUS RANGE

The original system had a single PRF of 100 pps with transmitted
pulse widths of 2.4 and 1.2 milliseconds. These parameters limited the
usable range to 98.5 nmi (minimum) to 762 nmi (maximum). To provide for
a wider usable range and to permit a more abundant source of satellite
targets, two significant changes were made. The pulse widths were made
selectable. Three choices were provided (2.4, .976 and .578 milliseconds).

In addition three PRF's were used (100, 80.6, and 65.8 pps).

The block diagram for the 3-PRF Wide Band Exciter System is shown in
N Figure 4. It should be noted that the primary zone and PRF control is
located in the Data Take Off (DTO) System. The PRF and zone control shown
in the WBE (Wide Band Exciter) block diagram are logic functions making use

of the primary controls from the DTO.

The FR (frequency ramp) and DCFR PRF Counters have been modified to
accomsodate the three PRF's. This was accomplished by controlling the
feedback for each PRF. An extra stege was also added to each counter.
Depending on the PRF, the PRF counteras are reset to a number (1024-N PRF).
The PRF then counts the state of all "zeroes" in the counter. The counter

L is reset at this time to the number (1024-N PRF) and the cycle is then
repcated. This technique makes it possible to gate out all pre-triggers with

the same gating for all PRF's.
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When changing the PRF in the second and third zone, the FR PRF must
be changed before the DCFR PRFP is changed, This 1s necessary to avoid loss
of video returns and to synchronize the range gate with the shifted video
returns in the new PRF.

The basic triggers supplied to other subsystems are not changed by
the additional stage in the PRF counter or by the PRF controlled feedback
in each counter.

The FR-DCFR control logic and the digital oscillator control have been
modified to incorporate the three pulse widths. Irn the FR-DCFR control
logic, a transmitter stop pulse must be generated for each of the three
pulse widths., Additional gating was needed for the third pulse width. The
digital oscillator control logic also terminates the FR at different times
for the three pulse widths. New logic, pulse width control, is used to gate
out these new pulses,

Two other new signals are also provided in this modification. They
are the external radar sync pulse and the voltage waveform generator pre-
trigger.

The final modification to be discussed is the range counter. The entire
vord is counted in the WBE and read in parallel to the DTO., The range counter
is pre-set to a number depending on the PRF and zone, At zero time and upon
a read request from the DTO, the 11.52 MHz pips are cuunted to the zero range
trigger wbich represents the ambiguous range. The total number in the range
counter then represents the true range.

For zone 1, the range counter is set to zero for all PRP's and the

count is to the ambigucus range which is also the true range.

n




For zone 2, the following numbers (each of which represents one PRF

interval) are pre-set to the range counter.

PRE No.

100 115,200
80.6 142,828
65.8 175,10k

At zero time the ambiguous range is counted to give true range omn the
FRF followirg & Read Request, the pre-set number is reed in, and the
ambiguous range is counted. Therefore, true range is available on the PRF

following the request.
For zone 3, the following numbers (each of which represents two PRF

intervals) are pre-set into the range counter.

PREF No.

100 230,400
80.6 385,656
65.8 350,208

The pre-set condition is determined by the PRF ZONE ~eset control logic.
This new logic pre-sets the range counter on a FRF to PRF basis.

Storage of the range word is provided in the WBE and transformed.to the
DTO upon the read request signal. Line drivers are provided for angle tracker
inputs and data timing will be similar to the present DTO.

The use of mmltiple PRF's required a change to the existing tapped
delay line chassis.

Figure 5 1is a block diagram of the proposed delay line configuration. As
is shown a total of 23 taps are necessary to perform the functions for all

12
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three PRF's. The three outputs from this chassis are 1deat1ca} in
gain and dynami~ range to the existing chassis.

The necessary gain sad balance controls to assure proper gain and
error balance in all threc PRF's are provided to ensure proper track.
loop performance and proper interface with existing equipment. Input
switching of the MPCMF-1 and MPCMF-2 inputs is also provided. The selected
video will be sent to the DTO for display.

The section of the chassis associated with SFCMF cperations remains
identical to that on the present chassis.

Minor modifications to the MFCMF timing logic were necessary in order
to accommodate the multiple PRF's. These modifications consisted of changing
the widths and positions of the gated peak detector enable and the multiple-
pulse error and reference enable to the widths appropriate for each of the
three individual PRP's. The appropriate width is chosen automatically
by the PRF control lines so that in each FRF the gates will enable a fre-
quency interval equal to the FRF and centered around the zero error position
of the delay line output information. The delay line taps provided on the
new tapped delay line chassis assure that the zero error position of the
reference output occurs at the same position for all FRF's. As a result,
the gated rundown,vhich is sampled to generate rate information, is
utilized for all PRP's with the same rundown start and stop times as in the
present system.

The PRF and zone selection and control logic is required as a result
of the extended range of operation. The selection is made either by an
operator using the comsole controls or automatically as the target range

approaches an interfersnce region (see Figure 6).
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The initial selection of zone and PRF is made by the comnsole operator
by selection of the desired zone and PRF with the rotary selection switch
on the meter and joystick panel. The operator selection is then set into
the system at the end of an integration period. The zone and PRF information
is held in a shift register and is gated out upon request from the time gate
generator. Outputs are provided for console display. The purpose of storing
the information in a shift register is to enable automatic switching of PRF's
and zones vhile tracking a target to provide an optimum data rate. The sample
gate generator is started by the FR pulse and continues counting 10 kHz timing
pulses and generating interference detection gates until a DCFR pulse has been
received. At this time a comparison is made to determine if an interference
zone in a PRF has been detected. Two sets of comparators are used, ome for
increasing range and one for decreasing range; therefore, if a comparator output
indicates increasing range and an approaching interference region, a pulse
will be generated to step the zone and PRF shift register one position to the
right. At the end of an integration period, the shift reglster output is
sampled and the new zone and PRF informatiom is indicated to the system.
Likewise, if a comparison is made that indicates decreasing range and an
approaching interference region, the shift register count is moved one poei-
tion to the left. This is accomplished by connecting the PRF and zone counter
as & ring counter and imserting eight pulses.

Zone and PRF information is also accepted from the .amlog tape
during playback rather than from the shift register; therefore necessary
cantrol was provided to utilize either input. As shown in Figure 5, outputs

are provided to the wide band exciter, simulator, mode selection logic,

and console display.
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The PRF and zone information sent to the wide band exciter is
used to reset the range counter to the minimum range setting in any indi-
cated zone, thus permitting the readout of actual range and eliminating the

need of converting the range word after it has heen sent to the DTO.

2. FINE LINE CORRECTION

One of the difficulties encountered in the original ASFIR systew was
the acquisition and lock-on to the center line of the fine line spectrum.
With a spectrum spacing of 100 pps (or 24 microeseccnds in the time domain)
end a gross amplitude envelope due to the 2.4-millisecond pulse, the
presence of noise and a moving target made the selection of the center fine
line difficult. An automatic means of determining this error and making the
appropriate correction was developew. The technique utilizes the existing
maltiple pulse (MP) fine line range discriminator. This discriminstor in a
tapped delay line in which the tap spacing is determined by the PRF. Three
taps on either side of the center fine line are algebraicilly summed to
develop an error signal for range trecking. This discriminator is n(wmelily
used for the range nmeasurement (F). transmission); however, it can be used to '
generate an error detection signal for the CW mode (doppler). If the center ‘
fine line has been acquired in the CW mode, the groes spectrum will be

symmetrical and the output of the discriminator will be zero. The discerimi- H

nator will have an output (the actual output will be a staircase jumping in

voltage acrording to the PRF in use) that can be used to enable the fine line
correction signal: The logic has been established such that if five error

indications out of the first eight integration periods occur, the correction
is enabled. A correction is aleo enabled if there are 32 error indications

out of 100 integration periods.
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The block diagram in Figure 7 shows the fine line correction
system for range rate. Corrections for 61 and 0'2 are accomplished by
duplication of the equipment irn the dashed lines. The MP error signal from
the range (or angle) discriminator is applied to two comparators. One
comparator has a positive threshold word applied and the other
has a negative threshold word applied. The threshold words
are generated by threshold control logic which automatically switches
thresholds according to the FRF in use. If the MP error signal
exceedt elther of the threshold settings, a pulse is applied through an
"and" gate to the appropriate bit counter. The "and" gates are also con-
ditiored by an inhibit signal from the DTO which can disable the system
and by a mode signal which allows only threshold crossings which occur in
the appropriate MP rate modes to be applied to the bit counters. The bit
counters then accumulate bits until reset by the interval counter. The
interval ~ounter is arranged to generate a reset once each 100 occurrences
of the appropriate rate mode. If 32 or more bits are accumilated in either
bit counter between resets, the appropriate correction control unit is
activated. The pulse former then applies a pulse to the correction control
units. The appropriate correction control unit then generates a voltage
step which will automatically step the appropriate rate VCO by an amount
equal to the FRF in use. | In the case of range rate, the range rate VCO

step will cause an error in range (in hertz) equal to the PRF and the range

loop will then pull in to the correct range value.

3. SINGLE PULSE (SP) INPUT TIMING SYNCHRONIZATION
The lack of synchronization between SPCMF output triggers and the 11.52
MEzclock in the SP timing iogic causes a jitter of betier than 86 ns (70 Hz)

in the gates generated in the WBE and the video used in the tracking
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discriminator. This jitter causes difficulty in SP tracker alignment and
errors in the SP tracker output. Figure 8 shows a synchronization
unit that greatly reduced this Jitter.

The 11.52 MHz clock used in the SP timing logic 1s applied to a tapped
delay line. The delay line taps ure then fed to a coincidence gate. The
other inputs of the coincidence gates are fed by the SP counter start pulse
(trigger 9) through a pulse shaper and an input gate. Upon the arrival of
the SP start pulse, coincidence is observed between the start pulse
and the delayed 11.52 MHz pips at one of the coincidence gate inpu%s. This
gate output will set the appropriate flip-flop, and this flip-flop output
is fed back to inhibit the input gate and prohibit further coincidence.
The other side of the flip flop sends an enable through a delay slightly
greater than the i1.52 MHz pulse width (approximately 20 ns) to the associ-
ated output gate. The enabled gate then sends the properly delayed 11.52 MHz
pulse train to the SP timing logic with greatly reduced time jitter. Each
output gate has, in addition to an enable input and a delayed pulse train
input, an inhibit input from the adjacent flip flop. This inhibit prevents

enabling of two adjacent gates on the same start pulse.

k. INCREASED FREQUENCY KESOLUTION

The rate (range, angle 1, angle 2) VCO outputs are available for
counting for a period of 100 milliseconds. To increase the frequency resolu-
tion without increasing the counting period, each of these signals (l;+ Af,
1+ af and 0 +Af) vere multiplied by five and then down cruverted by mixing

2
with 4R (ho or ho ) to produce the signals R+5 at, o 1+5 AL, and O . +5 AL for

counting.
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5. LOGIC REVISION
Much logic was modified but there are only a few areas that warrant any

particular delineation and discussion.

In the original equipment two separate counters were used for the MP and
SP tracking modes. This has been combined into a single function and a

logic preference designed for the MP mode.

The mode control logic was also modified to permit the CW transmission wave-

form to be up-converted by rixing rather than by multiplying.

The track loop digital attenuator reset logic has been revised to minimize

noise and transient effects prior to processing the target video.

6. TARGET SIMULATOR

The same technique employed in the DCFR counter to compensate for target
doppler has been used to generate a similated moving target. For 11.52 MHz,
a stationary target is generated. For frequencies about 11.52 MHz, targets

are generated at slightly different FPRF's.

Three S-band outputs are provided with the appropriate frequency waveform
impoeed upon the S~band carrier. Three types of orbits have been approximated
by analog voltage control of VCO's. These orbits are 100, 500 and 1000

nautical miles.

The basic assumptions and design of the analog forming voltage are shown

in Appendix II.
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For the monostatic mode, the target simulator's R VCO is imposed on the
S-band ocutput and the doppler frequency (fd) is divided by 260 for use in
the target generation counter (FR counter in WBE). In the bi-static mode,

01 or Ol

01 VCO while the 02 VCO will be at a fixed frequency. To exercise 02 and 02,

the analog function generator is switched to the 02 mode .

will be exercised by the analog function generator driving the

The basic 140 MHz +.l sweep is obtained by operating on a synthesized 11.52 MHz
in place of the master oscillator derived 11.52 MHz. An RF switch is pro-
vided to select the normal/simulated modes. In the simulator mode, a PRF
counter is provided to generate standard FR triggers. This counter is con-
trolled for zone and PRF by the DTO. The 11.52 MHz for target simulation is
derived by counting the converted 3 MHz + fd from the Target Simulator VCO
and mixing this to 11.52 MHz. System operation for the target simulator is
the same as in the normal WBE for FR generation, except that the target can
move with respect to zero time. The 140 MHz +.1 sweep is gated for CW/MM
operation and to eliminate the DCFR from the simlator output. The simulated
target is delayed by 2450 usec and converted back to 140 MHz. The processing
from this point to the 3 GHz output is similar to the present S-band conver-
sion equipment. A times-ten path and a times-one path are provided for

wide band/narrw band operation. However, no provision was made for negative

slope operation (Figure 9).

The control voltages for the VC(''s are obtained by operational amplifier
and simple diode voltage forming networks. The VCO's are similar to existing

system VCO's.
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The target simulator provides an effective means of evaluating and calibrating
the WBE and ASFIR system. All subsystems excluding the high power transmitter

can be checked by use of this simulator.

T. ACQUISITION STUDY

As a corollary of the subject contract, a study of acquisition techniques were

made. This study considered the acquisition process and the known problems

to develop means for improving the system process.

Acquisition in R is relatively easy using the SPCMF; however, the transfer
to the MPCMF was difficult because of the SFCMF/WBE jitter problem and the
difficulty in selecting the desired center fine line. Several ideas were
advanced and implemented into the modification kit. Two of these items have
been discussed previously. They are the SP input logic synchronization and
fine line correct. In addition, intensity modulation of the console displey

was implemented to aid the operator during lock on.

Single pulse operation was optimized by inserting a single pulse integrator
4 to average all 16 target returns instead of one as in the original equipment.

This area is treated in detail in Appendix I.

Joystick control speeds were adjusted using the target simulator for the

desired granularity and response time.

8. SINGLE PULSE OFFSET PROCESSING
The capability to process, track, and display the rate parameters was aided - G
by frequency multiplexing the return through the SPCMF. This was accomplished

by developing two new frequencies: 66 MHz + 150 kHz. These signals were

v used to offset the °l and 02 frequency duration. This permitted the tracking ~
| '. : ok
1; of ¢, at +150 kHz and 6, at -150 kHz while R was tracked at the SFCMF center .
i - frequency. Figure 10 shows this implementation. ‘ ?
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SECTION V
RESULTS

The nature of the effort performed on this contract precluded the
gethering of detailed data and test results. Mam_r of the modifications and
edditions were limited or restricted in their outwarc‘l effect upon system
performance. Other modifications were adjusted empirically by using the
test target simulator. These changes were "documented" by observing per-
formance and adjusting for the most desirable mode of operation. An example
of this was the variation of the control console track loop VCO slew voltage
controls. '

In generel, a large number 3f the changes were handled this way. How-
ever there are other areas where performance of an individual area could be
monitored and data regarding that area gathered and recorded. All of the
data and results obtained were a byproduct of running the Acceptance Test
Plan and represented a mutual effort involving RADC and RCA personnel. It
was found that the new target simlator represented a powerful tool in the
interrogation of system problems and optimization of system performance
paraneters.

For consistency the results will be reported in the same order as the
various changes were described in Section III, System Changes, and Section IV,

System Additions.

1. RESULTS OF SYSTRE: CHANGES
a. Angle and Angle Rate Trackers and Voltage Controlied Oscillator
Two tracking loops were added for 02 and 02. The tracking loop gain and

02 feed forward were adjusted for best performance. Four new VCOs were
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supplied. The O, VCO is centersd at 69 MHz with a deviation of + 4 MHz.

The 52 VCO is centered at 3 MH: and converted to 69 MHz with a deviation .
of + 12 kHe. In addition, the 01 and 61 VCO's were replaced with units
3imilar to the 02 and 62 VCO's. The center frequencies are identical but
the deviations have been set to + 2 MHz and + 5 kHz for 01 and 61,
respectively. Simulated targets in angle have been acquired and tracked by

both tracking loops.

b. Delayed Coherent Frequency Ramp (DCFR) and CW Local Oscillator

The new 3072 DCFR channel was installed and interfaced with the exis%ing
RF subsystem. The overall system bandwidth of 100 MHz was achieved with a
power output of 10 miW. Spurious signals, after a desigr modification, were
better than 40 dB down.

The new system CW signals were provided at the desired 5 miW level.

c. Variable Phase Shifter ®
The new phase shift buffer units were integrated into the waveform
generation equipment and used to perform the DO phase alignment.

d. Control Console
The modified control console was used during trecks of simulated and

live targets.

" e. Timing and Data Formatting

Evaluation of this area vas confirmed by using the modified system to o

produce a sample data tape for examination by RADC.

f. Frequency Counter W
This aspect of operation vas verified using the target simulator.
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2. RESULTS (OF SYSTEM ADDITIONS
a. Unambiguous Range

This area was evaluated by the use of the target simulator and the
data paper printer. The target was tracked through all zones and PRF's

vnile the range data was observed to provide an unambiguous range read out.

b. Fine Line Correction

For this test, an open loop doppler tracking error was simulated and
the frequency of the subject VCU monitored to ensure a proper frequency

change.

¢c. ESingle Pulse Input Tining Synchionication
The measured Jjitter was found to be 25 ns or less for all PRF's. This
represents ar. improvement of better than 3:1 in the reduction of system

Jitter.

d. Increased Frequency Resolution

The performance in this area was verified by signal suhstitution and

the data paper printer.

e. Logic Revision
All logic, both modified and unmodified, were evaluated by performence

on live and simulated targets.

f. Target Simlation

The 3000 MHz outputs were measured for power, bandwidth and spurious
slope over the target simmlator VCO frequency deviations.

The 3000 MHz outpu'.s yielded power of from 25 to 8 mW with each having

40 a3 (nominal) of available attenustion.
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System bandwidth of 100 MHz with less than 0.5 4B ripple were achieved.
The spurious output, after modification, was 36-40 4B dowm.
The VCO's were calibrated to yprovide the proper frequency deviation

for each test mode: R, 01, 02, 01, and 02. Range vas evaluated by observing

that a smoothly moving test target was generated.

8- Acquisition Stwdy

Results of this study are included in Subgection 8 of Section IV.

h. 8ingle Pulsa Offset Processing
The performance of this modification was evalusted using the target

similator and live targets.
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SECTION VI
RECOMMENDATIONS

As would be anticipated from an experimental program undergoing test
and evaluation, several design changes would improve the performance of the
WBE/DTO. The recommendations can be considered as those particular to the
WBE/DTO, and those primarily concerned with the ASFIR system. However, since
the WBE/DTO is so uniquely related to the complete system, any change in
system design will most likely result in some modifications to the WBE/DTO

complex.

1. WBE/DTC
These recommendations are of a specific nature, usually concerning a

single unit or chassis.

a. Range VCO
The Range VCO is presently mounted on & module. It is recommended that
this unit be placed on & chassis and have an oven added to improve the long

term stability.

b. T.ack Loop Noise Reductiomn

Presently the servo amplifiers and track loop functional opersations are
modularized and located in module nests. It is suggested that all six track
loops be placed on chassis with their respective VCO. This would eliminate
the nest wiring problems and ghould result in better operation.

¢. Removal of Phase locked Oscillator (PLO)
The DO uses active filters (PLO's) to eliminate undesired harmonics in
the DO mixing for staircese generation. As a means of improving the short
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term phase stability the removal of the 16 precently used PLO's and the
use of 16 crystal filters is recommended. This would improve the rain-
tainability of the WBE and reduce the short term stability to passive rather

than active elements.

4. Improved Broadband Mixers

S8ince the WBE was first dbuilt, the technology has advanced in the
development of diodes and balanced transformers for use in the double
balanced diode bridge modulators. There are several areas in the frequency
region of 95 to 140 MHz where the new hot carrier diodes would provide
improved performance. As an example, Hewlett Packard now has a balanced
mixer module available that has extraordinary characteristics over this

frequency region.

e. Calibration Mode Changes

There ara three changes to the calibration subsystem that would improve
performance. First, the gating function for the target simulation should be
performed by & balanced diode switch (Sanders DS 11) instead of the existing
(Sanders D8 201) single balanced switch to remove the gating pedestal.
Becand, the new target similator should be modified to include a VCO for 6.
This wvould increase the long term stability of the simulator 0 signal. This
is important because of the use of rate feed forward in the tracking loops.
Finally, & 3-MHz VCO capable of deviating at least +1500 Hz ¢hould be added.
This oscillator would be used to calibrate the SFCMF and the WBE single
pulse discriminatoyg.
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f. Angle VCO Decreased Deviation

The specified angle VCO deviation for the second base line site was
+4 MHz with a center frequency of 69 MHz. However in actual use, only half
this deviation is ever used unless the frequency slope of the transmitted
wvaveform is changed from positive to negative. Since the system primarily
operates in the positive mode, the deviation could be recentered to 71 MHz

4+ 2 MHz. This would yield at least a 2:1 increase in stability of the

angle VCO.

2. ASFIR SYSTEM
a. SPCMF/WBE Timing Jitter

As mentioned previously, a significant reduction of system Jitter was
accomplished by the addition to the SP input logic. However, it was
ascertained during system testing that perfect coherence could be obtained
by using a clock derived from the SFCMF. Basically, this signal should be
& multiple of 1/w of the SFCMF and should be as close to the present WBE
11.52 MHz clock as possible to minimize logic changes. If this change were
implemented, all SP/WBE jitter would be removed and this would facilitate SP

acquisition and lock-on.

b. Active Compemsation of Fhase and Auplitude Distortion

The present waveform generation equipment is capable of compensating
for doppler and of being aligned in phase to accomplish an optimized corre-
lated spectrum. Beased upon receiving this idealized rectangular CW pulse,
cosine squared exponential weighting is applied in the coherent memory
filters to reduce the time side lobes. Howover, the effectiveness of this
veighting is proporticnal to the system time bandwidth product and to any

3




amplitude and/or phase perturbations experienced by the pulse before
correlation.

For the ASFIR case, the time-bandwidth product is high enough for the
first assumption to be true; however, no compensation has been considered
for the amplitude and phase distortion experienced at wideband prior to
correlation. The DCFR generation provides a possible method to introduce
this phase compensation, but there apparently is no convenient place to

insert the amplitude modulation except in the receiving channel. Further

study would be required in this area prior to implementation to achieve

the best overall result.

c¢. Receiver Automatic Gain Control (AGC)

To normalize changes in target amplitude due to target size and range
variation, a slow AGC should be added to the receiver. The present WBE
amplitude word could be used with a digital comparator to derive tne AGC
servo signal. The gain controlled unit could then eithar be the 69 MHz IF
amplifier or a voltage variable attenvator in ¢:ries with the IF amplifier.
This would be most heneficial in the angle channels, where an additional
amplitude variation is encountered because of slave site pointing errors.
Timing of the amplitude sanmples and gain settings would be made synchronous
with the present mode logic (integration period basis) to prevent gain
changes during any given mode.




ey
o

res

Vo e

-

APPENDIX 1
TRACKING LOOP DESIGN FOR ASFIR THIRD SITF

The following assumptions were used in the design of the ASFIR tracking

loops:
1.

Doppler and angle rate measurements will always be made on the CW
pulses.

Range and angle will be measured on the FM pulses.

At least three out of six CW pulses will be equally spaced.

Range will not be measured in 1/10 ramp while angles are measured
in full ramp. )

Range must operate in full ramp while angles are in 1/10 ramp.

At least two out of six pulses will be reasonably spaced for

range measurements .

Based on the foregoing assumptions, the number of data measurements for

each parameter for the various conditions will be as shown below:

Parameter ihngzm oriax?xg Rﬁ:llnnmm
Range 3 2or 3
Doppler 3 3
Angle #1 3 lor3
Angle f2 3 lor3
Angle rate #1 3 3
Angle rate § 3 3
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Based on the foregoing tabulation, the design FRF for each parameter

will be as shown below:

Parameter Design PRF

Range 3in 1/10 ramp, 2+ in full ramp

Doppler 3

Angle 1 or 3 switchable in full ramp, 3 in 1/10 ramp
Angle rate 3

It is necessary to have a second order tracking loop to.keep the target
dynamic errors to a minimun. It is assumed that dynamic errors are larger
than thermal noise errors so that the track loop bandwidths should be as wide

as possible consistent with good stability.

1. MULTIFIE PULSE COHERENT MEMORY FILTER (MPCMF) OPERATION.
In the MFICMF mode, the parameter errors are measured at the above PRF'
rates and then sampled and held until the next error measurement. A sample

and hold circuit is a zero order hold circuit and it has a transfer function

/e
ogl®) = — "{ Bi;iﬁ Yok
¥

If the FRF varies, even only slightly, its average value should be used

of:

in the transfer functiom. an(s) for a PRF of 1, 2 and 3 are shown in
Figure 11. A second order track loop will have an open loop transfer function,
GT(S), given by (exclusive of the hold circuit):

X, (8/u) +1)
sf

GT(B) =
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and Qco

Where W, is the open loop ga.a crossover (eain = 0 dB) frequency of the

tracking loop.

Therefore:
8 !10‘
Gp(S) = Leo® ( 20 +j
by Jio' SF

o,r(s) is plotted in normalized form in Figure 12. For good closed loop
response, a servo should have a phase margin (amount thon open loop phase is
above -180° when gain = O dB) of 30° or above and a gain margin (amount the
@ain 18 below O dB when the open loop phase is -180°) of 6 dB or above. From
Figures 12 und 13. <vhe maximum value of fco that can be realized and still
meet the gain and phase margin criteria is about 0.2 PRF. For this value of
fco, the gain margin is 11 4B and the phase margin is ho°, both of ,which are
close enough to the desired values. Figure 12 shows the open ‘1pop and closed
loop characteristics for a servo loop with an open loop crossover of 0.2 FRF.
Therefore, the various servo loops should be implemented to the following

transfer function:

Pﬁ,‘, g+ (J.-o's/m)
g3

0.525(ERF)>

o,r(s) -
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Exclusive of the sample and hold circuit, the transfer function should be:

0.5’:5(PRF)2 [2.2%‘8 +1) ]

G'T(S) - 2
PRF = 1:
0.525 0—‘,8;9-1—+ l)
G'T(S) = 5
FRF = 2:
<]
& (s) 2.10 (6:-78-2- + 1)
ARV 2
S
PRF = 3:
/S
4,725 === + 1
6'y(8) = L ) _

5

2. SINGLE PULSE COHERENT MEMORY FILTER (SPCMF) OPERATION

In the SFICMF mode, a burst of pulses is transmitted for measurement of
the corresponding coordinate and a single-return error estimate is wade on
each return. The number of pulse bursts is the same es for the MPCMF mode.
It is desired to use the average error over the burst for tracking ourgposes.
There are three methods that could be used to implement this averaging

process:

1. 8mooth the output of the single hit error estimator, convert this
average error to digital at the end of the burst, and hold this

digital number in the corresponding D/qA converter of the servo.

4]




2. 1In each servo, feed the single hit errors out of the D/A converter
into an integrating amplifier, reset the D/A at the end of the pulse
burst, and use the integrator output as the servo amplifier input

between pulse bursts.

3. Widen the servo bandwidth during the pulse burst, allow the servo

to settle to a new velocity, and switch to coast between pulse bursts.

The third technique reduces the servo to essentially a first order track loop
and increases the influence of the pulses near the end of the burst. Another
disadvantage of the third technique is the difficulty in analyzing the track

loop set-up required for this type of operation.

The irst and second technigues give about the same servo performarnce.
The second techaique requires correction for the error buildup during the
integration period. The first technique could be implemented with three
averaging circuits while the second approach requires six circuits. From an
overall system point of view, the first approach would be the best but it
will be the hardest to implement. The configuration in Figure 14 is

suggestrd for the SPCMF operation.

The EG/IC inputs to the SFCMF error detector are reversed to compensate
for the integrator inversion of the averaging circuit. The integrator output
increases linearly during the pulse burst and an appropriate gain increase
must be made in the loop gain. This gain increase varies from 12/11 (FRF = 1)
to 4/3 (PRF = 3). It is suggested that the gain be set at 1.2 for all FRF
values as this matches the required gain values within + 1 dB. The integrator

must be dunked at the beginning of the pulse burst. This dunk pulse should be

42
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less than 5 ms in duration. At the end of the pulse burst, the integrator
input must be switched to the designated position or the D;A converter uust
be reset to zero output. Taking into account the 1,2 to 1 gain increase, the
RC time constant of the integrator should be 0.14 seconds. Assuming a 1K
dunk impedance, the value of C must be less than 1 UF. Therefore R should be
either 133K or 14TK with C = 1 yF; 133K 1is used for all parameters except

angle and 147K is used for angle. The rest of the servo smplifier will remain

unchanged.

a4




APPENDIX II

TARGET SIMULATOR ORBITAL CALCULATIONS

The following simple model was used to develop the orbital trajectories
used in the target simulator. The res .¢s were used to design analog wave-
forms that were used to deviate voltage controlled oscillators.

The three-site configuration is shown in Figure 15 with an orbital path
halfway betveen Slave Site 2 and the Master Site (R1 = R2 for .11 points on
the proposed orbital path).

The function Rl (range from target to the Master Site) can be approxi-

matel by the following equaticn:

Rl -Ro - RIl cos Wt

then
Rl = RaU sin Wt vhich ylelds the target doppler f(1
2fT
fd =T (Raw sin Wt)
vhere

fT = Transmitter frequency: 3 x 109 Hz

C = Speed of light: 3 x 108m/s

The method of implementation for the target simulator (Figure 16) intro-
duces the simulated range rate movement at 11.52 MHz. The l; VCO is centered
at 33 MHz with a total deviation of 150 kHz which represents the maximum
doppler for 200-nmi circular orbit satellites for a transmitted frequency of

3 GHz. This means that the deviation at 11.52 MHz must be

6

11.52 x 10 x 150 kHz
3x10
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This deviation has been approximated to an accepteble degree of accuracy
by dividing 150 kHz by 260.

The terget PRF generator is a high speed counter that yields a train
of constant frequency putses for an input of 11.52 MHz and yields pulse
trains of varying frequency for input frequencies about 11.52 MHz.

Graphs of range versus time (Figure 17) and range rate versus time
(Figure 18) have been made for circular orbits with altitudes of 100, 500,
and 1000 nautical miles. Figure 18 also shows the sine wave approximation
used in the analog function generator for the Target Simulator R VCo.

Since the system has two slave sites the appropriate frequency modula-
tions must be developed for the other two simulator outputs.

For the path selected, that is perpendicular to a line D2 between the
Master Site (MS) and the Slave Site 2 (SS2) and half way between the MS and

582, tne range difference between the MS and SS2 is given by

1912 = E:l' (Ry#D,-R, )

and the frequency S
= T, @ vhere @ = ramp slope in Hz/s
12 12

fo

for this path R2 = Rl
D,
2
b 4 8 —
012 C
For the other orbital path supplied by the target simulator halfway
between the MS and 5S1, the same deviation holds and the expression for

fo becomes
1n
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7

For this system D, = 6.25 nmi and 13.5 nmi
L 5
(=2 x 10" Hz/s or 2 x 10” Hz/s

This has been implemented by using a switchable voltage divider to
supply the appropriate control voltage to a VCO. This VCO has been desig-
nated as the offset VCO and is centered at 69 MHz. The configuration for
the two angle outputs is shown in Figure 19.

The angle rate variation is

. 2 fT 5 o
O1p = T (RyrRy) = 0

For the first orbital path assumed, the relationship involving *re MS
and SS1 can be derived by considering that the target occurring at the MS is
the same as at the SS except that it is delayed by an amount of time equal
to the time that the satellite takes to go the base line distaunce D3. Let

2 be this time delay, then

R3 = R -R, cos Ww(t- Tx)

and

Ry = RWsin W(t- Tx)

To. = él- (Ry+D3-R, )

13
=P [D3+R cos W(t- T, ) -R, (X R, cos wt]
- 5 [Py2R, sm&”} sin (Wt- wa)]
%([D -2R, siu TT— sin Wt- (‘;T")]
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which cen be generalized to

0,4 Tx wa
foln = 5 D" 2R, sin —5 sin (Wt - T)
fO = can also be obtained as above and is
13
g WwT.
T X TXW
fol3 =5 Raw (sin —2—) cos (Wt - —%—)

WT, .
Since T£ is very small fo and fg
In

Tx - v—n where
n
(o &
C

1-

is

- 2W°

and

rfa

C

2w? ¢

T
c

1-

Ra

R& wTX
23

vn = satell

R

g

sin
n

Tx cos Wt

D
cos Wt
n

can be approximated by
1n

o

ite velocity

)

53/54




UNCLASSIFIED
Security Classification

DOCUM!NT CONTROL DATA - R&D

(Bosurity sianeitication of iitle, bed ' of ad and tation must be d nhen the ! sopont is sineatiied)
1. ORIGINATIN G ACTIVITY (Corporate aui hor) 28. AEPORY SECUPITY C LASSIPICATION
Radio Corporation of Ame'ice Unclassified
Defense Electronic Producvus 25 enour
Moorestowvn, New Jersey 08057 N/A

3. REPORT TITLE

ASFIR THIRD SITE MODIFICATIONS

4. DESCRIPTIVE NOTES (Type of repert and inchieive dates)
Final Report - July 1965 to August 1966

8. AUTHOR(S) (Laet name. firet name, initial)

Dodson, John
6. REPORT DATE 78 TOTAL NO. OF PAGES 74. NO. OF REPS
January 1967 None
§6. CONTRACT OR GRANT NO. 90. ORIGINATOR'S REPORT NUMBSER(S)
AF30(602)-37L3
& PROJECT NO.
6512
« Task No. 651209 Tar.nca ngronT NO(S) (Any ether numbers that mey be sesigned
- RADC-TR-66-703

10. AVAILABILITY/LIMITATION NOTICES
This document is subject to special export controls and each transmittal to foreign

governments, foreign nationals or representatives thereto may be made only with
prior approval of RADC (EMLI), GAFB, N.Y. 13kkoO,

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Barle H, Piler/EMASE Rome Air Development Center (IMASE)
Project Fngineer Griffiss Air Force Base, New York 13hk0
13. ABSTRACT

Changes and additions were made to the two-site Active Swept Frequency Inter-
ferometer Radar (ASFIR) to provide three-site capability. Addition of the second
base line (3rd Site) required a auew angle tracker, timing and logic modificatioms,
nev mode selection logic and revised data formatting. Distribution and generation]
of new RF signals were also required. New capability designed into the modifica-
tion program included extended unambiguous range tracking to 3600 nmi, reduction
of system timing jitter, frequency multiplexing of the range rate and angle rate
signal processing, and target simlation. The total modificatilon kit included
8ix new racks of equipment plus considerable changes to the existing 14 racks of
equipment, including relocation for optimum packaging. Verifi:ation of the
changes, using the target similator (which proved to be an effective tool for
system test, alignment and evaluation) and by tracking Echc II, showed a comn-
siderable improvement in track loop performance and a 3:1 .eduction in system
timing jitter. Data formatting and logic compatibility were shown by producing
a test data tape for data reduction. Detailed recommendations include noise
reduction techniques, short term phase stability improvements, improved modula-
tion methods, and system changer. to eliminate system timing Jitter amu. vo provide

AGC.

!
DD "9 1473 e -

Security Classification

=
- A




UNCLASSIFIED

Security Classilication
1. LINK A LINK 8 LINK C .
LA noLk | wv noLE wy | moLE wy v
T
'}
Interferameter
Linear ™
Radar
INSTRUCTIONS
L ORIGINATING ACTIVIRY: Enter tte name and address _—Iumrdum—lqwﬂ
:“ a:trn MM’QMW)“&
ense vity or o corporate e
the report. [4}] Wnﬂﬁ-urmmh--lm
2a. REPORT SECURTY CLASSIFICATION: Entsr the oves -
all security classificetion of the report. lndicate whetber - . mw W
“Inn:l‘cto‘ Deta’ is M“R“ I-u‘q‘b te be in accold A
ance with annpdm secueity regulations.
this report directly h- DDC. &hq qnllﬂo‘ DD(
26. GRODUP:, ic. dawngrading is speciftied ia DoD Di-
rectivé 5200« lo -d Ar-‘ Forces Industrial Mandal,” Enter users-shall requost through
proll o el op Db b e i Lokl g iy -
mar! e have o us or L oup 4 ‘as aut ) V. & wilitary agencies may ohtain of thia
ized. Y thport diréctly from DDC.  Other od usars
3. REPORT TITLE: Enter the complete report title in all shall request through
capital lettess. Titles in ali ceses lhnld be unclsasified. »
ifa ingful title t bo o d withiout classifics =
ticn, shicw title classification in all capitala in pacenthesis (S) *All distribution of this report is, mll“ Qual- v
immediately following the titie ified DDC users shall request through
4. DESCRIPTIVE NOTES uwm..mm.{moot e
report, o.§,, interim, progress, 1. 1 the report has been furnished to the (10l
Give the inclusive deiss when s specific reporting period s Services, wm of Commerce, for ::lc “e&:l"zcm v
covered, cate this fact cnd enter the price, if known
S. AUTHOR(Sx Entar the name(s) of suthor(s) as shown or
or in the report. Kater last nane, first name, middle lnitlal, | ooy Soier D N TARY NOTES: Use for additionsl explans-
If militery, show rank end brench of service. The name of =
the principal uuthor is an absolute minimum requirement. 12 SPONEG: iNQ MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay
G MMEONT DATIS: Moterith deto:of. e ropers o0 dow, ing for) the research and development. Include address.
7 or mont! moee one sppears
| :.°5.’.“ ry;:t,“m u?. ?f:-suc.um 13. mn::r‘. Enter an .bo.tun;t 3::. . um:u tacteal
7s. TOTAL NUMBER OF PAGRESK The total page count t Indio report, evea though
I should fcllow normal nqhd.lu mcodmc. Le, enter the l’tun‘ql;lu sppear d““l.-“ "' 3“ “-‘,cuu?. ‘.'“.:.‘":'“u
number of pag be attached.
75. NUMBER OF REFERENCES Enter the total member of It e bt s trokta (et s dbuwaat! stila
relerences cited in the report. be unclnnm Each peragraph of the sbetrect mﬁm
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter an indicstion of the military security classification of the ia-
the sppliceble number of the contract or grant under which formation in the paragraph, represented as (T$). (3), (0), or (U).
the report was written, There is no limitation oa the of the abetrect. How-
8b, &, & ‘l.d PROJ‘!C'I' nu:a“m l:tor m‘wuo eover, the sugyested loagth is from 150 to 228 words.
military department identification, such es project number,
subproject number, system sumbers, task number, etc ::.hgym‘ Key words are m:‘."m.::l
Pa. ORIGINATOR'’S REPORT NUMBER(S): Eater the otfi- index entries for eauluh. the n'oﬂ. l.y words must be
clal report number by which the document will be identified selected so that no tion i required. Ideati-
and countrolled by the originating activity, This number must flers, such as equipment -dol du tion, trade same, militery
be unique to this report. ”..!::ﬁ:‘:. ao;o' on:‘ogc focal u.u-y“h vsed --| key
HER REPORT NUMB . been w ollow on indicetion of techaical con-
::.clgro‘ other report n-lblc:)}dm.b the otl.:lmm text. The sssignment of links, rules, and weights is optional. .
or by the .om). also enter this n-bu(n{.
10. AVAILABILITY/LIMITATION NOTICE® Eater any lim v
itations oa (wrther dissemination of the "”d.' other than thosej
UNCLASSIFIED
Security Classification




